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Medicament Dispensing Device With A Multimaterial Diaphragm Bounding A 

Pneumatic Force Chamber 

(Attorney Docket Number NHCOOlOCEP/IV/VL-l 15CP) 

5 

Cross-Reference to Related Application 

The present application is a continuation-in-part of U.S. Patent Application Serial 
No. 09/591,321, filed June 9, 2000, which is mcorporated herein by reference in its 
entirety. 

10 Cross-Reference to Related Patent 

The subject matter in tins application is related to that in U.S. Patent No. 
5,447,1 50. That patent is incoiporated by reference. 

Field of the Invention 

This invention relates to a dispensing device, and more specifically, to a device 
■15 suitable for dispensing discrete amounts of fluid. In particular, the invention is concerned 
with a dispensing device of the type where the metered dose is administered in response to 

the inhalation of the patient. 

Background of the Disclosure 

Metered dose inhalers axe well Icnown in medicine for treatment, or alleviation of 
20 the effects of respiratory complaints, for example asthma. Breath-actuated devices are 
also known, and have been the subject of many patent applications. 

GB 1288971; GB 1297993; GB 1335378; GB 1383761; GB 1392192; GB 
1413285; W085/01880; GB 2204799; U.S. Pat. No. 4,803,978 and EP 01 86280A describe 
inlialation-actuated dispensing devices for use with a pressurised aerosol dispensing 

25 container. The device includes a dispensing container and the container includes a valve 
capable of releasing a metered amount of tlie aerosol contents, when an internal spring 
operating the valve is compressed by a sufficient amount. The dispensing device often 
comprises a chamber having a mouthpiece, air inlets, actuating means for causing the 
actuation of the valve hi the dispensing container, a latcliing means for releasably retaining 

30 said metering valve in a charged position,- and an inhalation responsive means for 



wo 01/93933 PCT/USOl/18664 
releasing tlie latch, such that a metered amount of aerosol compoi'nd is dischaiged into the 
region of the mouthpiece. Tiie overall objective is to give co-ordination of discharge of 
medicament from the aerosol container with inlialation of the patient, thus allowing a 
maximum dose of medicament to reach the broncliial passages of the lungs. 

5 The latcliing means is often comiected to a valve which moves froin a latching 

position to a dispensing position in response to a partial vacuum developed upon 
inlialation. 

EP-A-0045419 describes an inhalation device having biassing means which are 
alone of insufficient force to depress the container but v/hich together are of sufficient 
10 force to do so. 

EP-A-1 86280 describes a device which employs magnets to control the release of 
the aerosol container. 

U.S. Pat. No. 3,605,738 describes devices in which the aerosol container 
commimicates witli the mouthpiece via a metering chamber. A metered quantity of the 
15 aerosol compound is discharged into the metering chamber and tliis is conveyed to tlie 
mouthpiece via an inlialatioii-actuated valve. 

GB 1269554 describes a device wherein the aerosol container is moveable by a 
lever and cam system into a chcuged position held by a latch, a pressure differential acting 
to trip the latch and move the valve of tlie container to a discharge position. 

20 U.S. Patent No. 5,447,150, incorporated by reference herein, disclosed a metered 

dose inlialer, wherein the release of the medicament is actuated by the inlialation of the 
patient. That patent disclosed an inhalation-actuated device which is more simple and 
compact than the then-prior art dispensers. In one disclosed form, a closed negative 
pressiu'e region is defined in part by a diaphragm molded from a smgle material. The 

25 diaphi'agm includes a relatively thick central disk, surrounded by a relatively thin flexure 
and peripheral ring. That construction is difficult to fabricate, in part due to the differing 
thickness regions. 



2 
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Summary of the Invention 

According to one aspect of the present invention there is provided and improved 
dispensing device for use with a drug delivery system comprising a means for releasing a 
measured dose of medicament from the system, the releasing means comprising a means 
5 for applying a preload capable of actuating the delivery means in the system, a means for 
applying a resisting pneumatic force capable of preventing actuation of the delivery means 
and a release device capable of freeing the resisting pneumatic force to allow the preload 
to actuate the delivery means and dispense the medicament. The means for applying a 
resisting pneumatic force of the present invention is similar to tliat in U.S. Patent No. 
10 5,447,550 but includes a structure that is distinct from, and provides substantial 
improvement over, tiie coixesponding structure in U.S. Patent No. 5,447,150. 

The pneumatic resisting means of the present invention is provided by air which is 
held at a negative pi*essure below atmospheric prior to release. That negative pressure 
provides a pneumatic resisting force which opposes the preload force. The release device 

1 5 acts to return the pressure to atmospheric or prior equilibrium, thus allowing the full force 
of the preload to act. The pneumatic resisting force is established by a negative pressui*e 
region defined in part by a diaphragm. The diaphragm includes a central disk of a first, 
relatively high stiffness material £ind a peripheral ring, coupled by a flexm-e of a second, 
relatively low stiffness material. In various forms, the peripheral ring may be of tlie same 

20 material as the flexure, or may be of a different material. 

Tlie device is particularly suited for use with pressurized inhalation aerosols having 
valves as tlie delivery means. 

Although this device has been described in particular relation to a system using air, 
it will be realized that in a closed system any suitable gas could be used. 

25 In a preferred arrangement, there is provided a breath actuated dispensing device 

for use with an aerosol medicament container for dispensing a medicament in a metered 
dose. The container is cylindrical and extends along a container axis between a first end 
and a second end. The container has a spring based aerosol valve at tlie first end, which is 
responsive to an axial force above a predetermined threshold to release the metered dose. 

3 
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The device includes a housing disposed about a central axis and having a first end and a 
second end, where die second end includes a shoulder and an expulsion nozzle extending 
theretlirough. A support sleeve is disposed within the housing. The sleeve is adapted for 
axial motion along the central axis. The sleeve is further adapted to support the second 
5 end of the container, whereby the container axis is substantially coaxial with tlie central 
axis and the aerosol valve is positioned adjacent the shoulder and in communication witli 
the expulsion nozzle. 

The device further includes a diaphragm assembly having a relatively rigid central 
disk, a peripheral attachment ring disposed about a peripheral portion of the disk, and an 

10 annular flexiu:e extending between tlie peripheral portion of the disk and the attacliment 
ring. The central disk is affixed to the first end of the housing and the peripheral rmg is 
affixed to the sleeve, thereby defining a closed region between the diaphragm and tlie 
sleeve. A breath actuated valve assembly is provided to selectively establish in a first state 
an air flow path between the closed region and regions exterior thereto, and interrupting in 

15 a second state the air flow path. A spring force bias element is adapted to bias the sleeve 
toward the second end of the housing. When the breath actuated valve element is in the 
second state, pneumatic pressiu'e in the closed region establishes a force on the sleeve 
equal opposite the bias and of a magnatude less than or equal to the bias. In that 
circumstance, the axial force on the aerosol valve is below tlie predetermined thi'eshold, 

20 and whereby when the breath actuated valve element is in the first state, pneumatic 

pressure in the closed region establishes a substantially zero force on the sleeve and the 
bias is sufficient to drive tlie sleeve and the container toward the shoulder and establish an 
axial force on tlie aerosol valve above the predetermined threshold. 

Preferably, the central disk is made of a first material chai-acterized by a relatively 
25 high stif&iess, and the amiulai* flexure is made of a second material characterized by a 
relatively low stiffiiess. The amiular flexure is bonded to the disk, whereby the disk, the 
annular flexure and the peripheral ring form a contiguous assembly. In an alternative 
form, the ring and flexure may be different material as well. Preferably, the multimaterial 
diaphragm is made using a multishot molding process wherein a first portion (such as the 
30 disk) is molded in a first step, and a second portion (such as the flexure and ring) are 
molded in a second step, and at tlie same time bonded to the first portion. 
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It is also prefen-ed that the release device is breatli-actuated in order to co-ordinate 
the release of the medicament with the intalce of breath. The favored breath-actuating 
means comprises a moveable vane mechanism. This vane mechanism may be housed in 
tlie upper part of the chamber. A valve seal is preferably attached to said vane, such that 
on inhalation the vane moves from its rest position to its actuating position, thus moving 
the valve seal out of contact v\dth the valve port, causing the opening of tiie valve. The 
vane mechanism is preferably dynamically balanced, and may be biased towards its closed 
position, e.g. by a spring. 'V\^tn the valve opens, an air flow path is established between 
the negative pressure region and regions exterior thereto. 

The outer chamber may include air inlets allowing passage of air to the moutlipiece 
of the device. The inlets may take the form of slots or of an air porous membrane. The 
latter is particularly suitable to help filter dust. 

The medicament may be a drug per se or on any form of carrier, e.g. including a 
powder or a gaseous carrier. 

Brief Description of the Drawings 

For a fuller understailding of the natxire and the objects of the invention, reference 
should be made to the follov/ing detailed description and the accompanying drawings in 
which like reference numerals refer to like elements arid in which: 

FIG. 1 is a section view of an inhaler accordmg to an embodiment of the invention; 

FIG. 2 shows an enlarged view of a diaphragm for use with the embodiment shown 

in FIG. 1; 

FIG. 3 shows an enlarged section view of the diaphragm in position in pre-actuated 
and actuated state; 

FIG. 4 shows a top plan view of another diaphragm for use witli an inhaler 
according to an embodiment of tlie invention; 

FIG. 5 shows a top perspective view of the diaphragm of FIG. 4; 
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FIG. 6 shows a sectional view of the diaphragm taken along line 6-6 of FIG. 4; 
FIG. 7 shows a sectional view of the diaphragm taken along line 7-7 of FIG. 4; 

and 

FIG. 8 shows an enlarged section view of the diapliragm of FIG. 4 in position in a 
5 pre-actuated state within an actuator assemblj' of an inhaler according to an embodiment 
of the invention. 

Description of the Preferred Embodiments 

In an aiTangement as shown in FIG. 1, an inlialation device consists of amain body 
400, which is generally cylindrical in cross section, with a mouthpiece section 405 at one 

10 end and an end cap 407 housing air inlets 420 at the other end. A known type of aerosol 
dispensing container 25 of generally cylindrical shape is housed within the main body of 
the device. The aerosol dispensing container has a stem 40 which contains an aerosol 
dispensing valve (not shown). The bore 15 is such that it forms an air tight seal on the 
stem 40 of the aerosol dispensing container 25. A shoulder 45 limits and locates the 

15 position of the stem 40, which in turn locates the aerosol dispensing container 25 in 

position in the main body 400. A passage 50 extends from the bore 15, continuing from 
the shoulder 45 to intercomiect with a dispensing nozzle 55. 

The opposite end of the dispensing container is contained within a sleeve 420 of 
similar cross section to the main body 400, The longitudinal axis of both the sleeve 420 

20 and main body 400 is generally coaxial. The sleeve is iji loose sliding contact with the 
imier wall of the main body and may include several rebated grooves 430 in its walls to 
allow free passage of air in the main body past the sleeve. The sleeve 420 may be held in 
place by connection with a diaphragm 440 held in connection v/ith the top of the main 
body 400, as will now be described. Thus, the sleeve 420 effectively hangs from tlie top 

25 of the main body. 

One end of an e.g., molded flexible diapluagm 440 (as shown alone in FIG. 2) 
comprising a rigid disc-like section 441, a flexible generally cylindrical wall section 445 
and a stitfer connector section 447, is fitted around a purpose-made groove 450 in the 
sleeve, e.g. by snap-fitting. A further molded lip 470 on the diaphragm provides a snug 

6 
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fit for one end of a compression spring 460. The compression spring is thus located and 
free to act on the sleeve. The otlier end of the compression spring is located by an annular 
shoulder 481 in a predominantly cylindrical flanged insert 480 housed in the top section of 
the main body 400. This insert includes a groove 490 into which the disc-like section 441 
5 of the flexible diaphragm 440 is snap-fitted. Preferably, the multiraaterial diaphragm is 
made using a multishot molding process wherein a first portion (such as tlie disk) is 
molded in a first step, and a second portion (such as the flexure and ring) is molded in a 
second step, and at the same time bonded to the first portion. 

With the improved diaphragm configuration of the invention, shown in FIG. 2, the 
10 relatively thick disk-portion "A" is molded from a rigid material (relatively high stiffness), 
which is particularly resistant to flexural defoxTnation when the closed region 600 is at 
negative pressure, while the relatively thin flexure portion "B" is molded from an 
optimally flexible (relatively low stiffness) material, minimising the force required to 
move the irmer sleeve and hence the forces required to be stored and released by the 
15 mechanism.. The relatively thin flexure portion "B" is bonded to the disk-portion "A" 
along a continuous surface substantially parallel to the central axis of the diaphragm. 

The joint between the diaphragm connector section 447 and inner sleeve groove 
450 is arranged to be an tight and the shape of the top surface of the sleeve 422 to conform 
to the internal shape of the diaplaragm such that in the rest position of the inhaler the two 
20 surfaces are in close proximity, and the enclosed space between them very small. 

The cylindrical insert 480 is retained in place by the end cap 407 fitted into tlae 
main body of the device. This forms a chamber 590 between the air inlet slots 420 and the 
rigid part 441 of the diapliragm. The chamber is provided with one or more air pathways 
580 such that air may pass from the air inlet slots 420 to the mouthpiece 405. The rigid 
25 disc-like section 441 of the diaphragm also includes a small valve port 495 wliich is 

nonnally covered by a valve seal (flap) 540 housed in a vane 550 pivotally connected to 
the insert 480. 

The vane 550 in its rest position divides the chamber 590 between tlie air inlets 420 
and the air pathways 580 that link to the mouthpiece such that it may move from its rest 
30 position by means of a pressure drop between the air inlets and the mouthpiece. On 

7 
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movement of the vane to the actuated position the valve seal (flap) 540 is sufficiently 
moved to open tlae valve port 495. (The vane 550 may be biased closed by a light spring 
flexure, a weight or a magnet not shown.) 

As shown in FIG. 1, the end of the main body having a pivot 500 has a recess 
5 adapted to receive a cam 520 integral with a dust cap 510 operating on the pivot. The 
recess flulher includes a passage communicating with a similar passage molded into the 
internal wall of the main body 400. A camfollower 530 extending from the lower edge of 
tlie inner sleeve 420 acts on the cam such that when the dust cap is in the closed position 
tlie imier sleeve is forced by the camfollower to its uppermost position. 

10 When the dust cap is rotated to its open position the cam profile is such that the 

camfollower is free to move downwards by an amount sufficient to allow actuation of the 
device. 

In its rest position the dust cap 510 is closed, the camfollower 530 restrains the 
inner sleeve 420 in its uppermost position such that the enclosed space trapped between 
15 the diaphragm 440 and the top surface 422 of the inner sleeve is at a minimum and the 
spring 460 is compressed. The valve port 495 is closed by the valve seal (flap) 540 and 
the sleeve 420 is clear of tlie top of the aerosol can 25 which is thus unloaded. 

The dust cap is opened rotatmg the integral cam 520 allowing the camfollower 530 
to drop by amount AA. The inner sleeve is forced downwards under the action of the 

20 spring 460. As the irmer sleeve moves downwai'ds the enclosed volume between the 

diaphragm 440 and inner sleeve is increased by a linear equivalent amount A* A', less tlian 
or equal to AA. Since the valve port 495 is closed this creates a low pressiure volume or 
near vacuum in the space 600 [FIG. 3], The effect of the pressure differential between the 
enclosed volume 600 and atmospheric pressure is such that the inner sleeve tends to resist 

25 tlie action of the spring. As the inner sleeve moves downwards it contacts the aerosol can 
25 and begins compression of the aerosol valve (not sliowi). 

Downward movement of the imier sleeve will continue until there is a balance of 
forces betVk^een the compressive force ini the spring 460 and resisting forces created by the 
pressure differential and compression of the aerosol valve. The geometry of the device is 
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arranged such that tliis balance occurs before the aerosol valve has been sufficiently 
compressed to actuate it. 

A typical Chlorofluorocarbon (CFC) aerosol medicament container requires about 
20N force to actuate, while a typical hydrofluoroalkane (I-TFA) aerosol medicament 
5 container requires about 40N force to actuate. Thus, depending upon the application, the 
spring 460 should provide a force 10% to 50% greater tlian the required actuation force of 
the medicament container. As is known, CFC containing propellants have been shown to 
liberate chlorine in the stratosphere and cause ozone depletion. Because of this daiiger, 
tlie Monti-eal Protocol was signed that bans the use of CFCs. Metered-dose inhalers 
10 (MDIs) for treating asthma and otlier respiratory diseases were exempted from this general 
ban, although tliis exemption is temporary and will be lifted as substitute products become 
available. The first such substitute, HFA propellant, has been on tlie market for about a 
year. 

It may also be possible to arrange for the balance of forces to take place before the 
15 inner sleeve has contacted the aerosol can, such that the spring force is balanced by the 
resisting force produced on the inner sleeve by virtue of the pressure differential. 

On inhalation by the patient through the mouthpiece 405, a small pressure 
differential is created across the vane 550 which is pivoted tow^ards one end. The pressure 
differential causes the vane to move from the rest position to the actuated position. The 
20 vane and design of the air passageway 580 in the chamber 590 are such that in the actuated 
position air can flow freely from the air inlets 420 to the patient. 

The movement of the vane 550 causes the valve seal (flap) 540 to be moved out of 
a sealing position with the valve port 495. Opening the valve port allows air into the gap 
600 between the diaphragm and inner sleeve such that the enclosed space reaches 
25 atmospheric pressure. This causes an imbalance of forces acting on the sleeve 420 and 

container 25. The sleeve and container are thus forced downwards by the spring 460 
resulting in the release of a measured dose of medicament through the dispenshig nozzle 
55 and into the moutlipiece at the same time as the patient breathes m. Thus, the patient 
inhales air with a metered dose of medicament. 

9 
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After tlie iiilialation of tlie dose by the patient, the dust cap 510 is returned to its 
closed position. This rotates tlie cam 520 and causes tlie cainfoUower 530 to be forced 
upwards. This in tiu-n acts on the inner sleeve 420 moving it upwards to compress tlie 
spring 460 and close the gap 600 between the diaphragm and inner sleeve top surface 422. 
5 This forces air out of the enclosed space 600 which escapes through the valve port 495 
liftmg the valve seal (flap) 540. Since the valve seal (flap) is only lightly biased to its 
closed position it presents littie resistance to air flow out of the enclosed space. The 
aerosol can is free to return to the rest position imder the action of its own aerosol valve 
spring: 

In use tlie patient loads the aerosol dispensing container into the main body. The 
aerosol container may be loaded by providing a coarse threaded screw in the main body 
400, for example about the line When part of the main body 400 has been unscrewed, 
the aerosol can be inserted. The main body 400 can then be replaced locating tlie inner 
sleeve over the top end of the can, and the device is ready for use. As described 
previously, the device could be manufactured as a sealed unit. 

The device may be provided with means to provide a regulated air flow to the user 
or inlialer. Thus a sonic device, e.g., a reed, may be provided which sounds when tlie 
inspired air flow is greater than a pre-set level, e.g., above 30 to 50 litres per minute. The 
sonic device may be located in the mouthpiece 95 or below the air inlet 420. The sound 
20 produced warns the patient to breathe at a lower rate. 

The device may also be provided with a means such that it will not operate below a 
certain pre-deterniined air flow rate, e.g. 10 to 30 litres per minute. In one embodiment 
the vane 550 or 1 1 0 will be biased by a sprmg such that the predetermined minimum air 
flow is necessar}' for it to move to its actuated position and enable the valve seal to open. 

25 The main body of a dispensing device, as described in the above embodiment of 

this invention is preferably manufactured fi*om a plastic such as polypropylene, acetal or 
moulded polystyrene. It may however be manufactui-ed from metal or another suitable 
material. 



10 
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Referring to FIGS. 4-8 another diaphragm assembly 640 and actuator assembly 
according to the present invention for use with the medicament dispenser of FIG. 1 are 
shown. The diaphragm assembly 640 and the actuator assembly of FIGS. 4-8 are sunilax 
to the diaphragm assembly 440 and the actuator assembly of FIGS. 2 and 3, such that 
5 similar elements ai'e provided with the same reference numerals. 

The molded flexible diaplxragm 640 includes a rigid disc-like section 641, a 
flexible generally cylindrical wall section, or annular flexure 645, and a thicker connector 
section, or peripheral attachment ring 647. A centi'al portion 700 is unitarily formed with 
and extends radially inwardly from the annulai- flexure 645. The central portion preferably 
10 is provided in the form of a disk 700 bonded along a top surface to a bottom surface of the 
rigid disc-like section 641, i.e., surfaces substantially traverse to the central axis of the 
diaphi'agm 640. 

Referring to FIGS. 6 and 7, the relatively thick disk-portion "A" which includes the 
disc-like section 641 of the diaphragm 640, is molded from a rigid material (relatively 

15 high stiffness) such as Acrylonitiile Butadiene Styrene (ABS), v/hich is particularly 

resistant to flexui-al deformation when the closed region 600 is at negative pressure. The 
relatively thin flexui-e portion "B" which includes the central portion 700, the annular 
flexure 645 and the peripheral attachment ring 647, is molded from an optimally flexible 
material (relatively low stiffness) such as a thermoplastic elastomer (TPE), permitting high 

20 performance. Preferably, the multimaterial diaphi-agm 640 is made using a multishot 
moldmg process wherein the first portion "A" is molded in a fust step, and the second 
portion "B" is molded m a second step, and at the same time bonded to the first portion. 

As shown in FIGS. 4 through 7, the central portion 700 and the rigid disc-like 
section 641 both define a central upwardly extending boss 702 for additional strength. In 

25 addition, tlae rigid disc-like section 641 includes an outer axial wall 704 which provides 
■fiirtlier strength to the diaphragm 640. The central portion 700 includes axial walls 706 
which ai'e received within and bonded to axial grooves 70S of the rigid disc-like section 
641, thereby providing bonding surfaces substantially parallel with the central axis of the 
diaphragm 640 and increasing the total bonding surface area between the central portion 

,30 700 and the rigid disc-like section 641 . 
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Referring aJso to FIG. 8, the peripheral attachment ring 647 of the diapliragm 640 
is fitted around an annular wall 451 of the sleeve 420 and is secured in an air-tight maimer 
tliereon witli a retainer ring 800, which is secured to the sleeve 420, e.g., by snap-fitting 
into an annular groove 452 of the sleeve. The retainer rbg 800 also provides a snug fit for 
5 one end of the compression spring 460, such that the compression spring is thus located 
and free to act on the sleeve 420. The cylindrical flanged insert 480 housed in the top 
section of the main body 400 of the inhaler includes a proti'usion 491 which is snap fit into 
a radially outwardly facing circumferential groove 710 of tlie relatively rigid disc-like 
section 641 of the flexible diapliragm 640. 

10 The valve port 695 of the diapliragm 640 passes through the rigid disc-like section 

641 and the central portion 700 of the diaphragm. The valve port 695 is closed by the 
valve seal (flap) 540, which is biased closed by a flat spring 802, as shown in FIG. 8. The 
rigid disc-like section 641 of the diaphragm includes protrusions 712 extending upwardly 
tlierefrom that receive and correctly position the flat spring 802. The rigid disc-like 

15 section 641 of the diaphragm 640 also includes a baffle 714 on a top surface thereof for 
substantially preventmg air flow between the valve seal (flap) 540 and the diaphragm. 
The baffle 714 closely follows the profile of the underside of tlie flap 540, yet provides 
^. sufficient clearance for the flap to open upon breath-actuation. The rigid disc-like section 
641 of the diapln'agni 640 additionally includes an assembly location key 716 for use in 

20 correctly assembling the diaphragm 640 witliin the actuator assembly of FIG. 8. 

The invention may be embodied in other specific forms witliout departing from the 
spirit or essential characteristics thereof. The present embodiments are therefore to be 
considered in all respects illustrative and not restrictive, the scope of tlie invention being 
indicated by the appended claims rather than by the foregoing description, and all changes 
25 which come within the meanmg and range of equivalency of the claims are therefore 
intended to be embraced therein. 
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CLAIMS 

■ 1 . A breath actuated dispensing device for use with an aerosol medicament 
container for dispensing a medicament in a metered dose, Sciid container being cylindrical and 
extending along a container axis between a first end and a second end, said container having a 
spring biased aerosol valve at said first end responsive to an axial force above a 
predetermined threshold to release said metered dose, comprising: 

A. a housing disposed about a cent-al axis and having a first end aiid a 
second end, said second end including a shoulder and an expulsion nozzle extending 
theretlirough; 

B. a support sleeve disposed wthin said housing, said sleeve adapted for, 

axial motion along said centi'al axis, and 
supporting said second end of said container, whereby said 
container axis is substantially coaxial with said central axis and said aerosol valve is 
positioned adjacent said shoulder and in communication with said expulsion nozzle; 

C. a diapluagm assembly including a relatively rigid central disk, a 
peripheral attachment ring disposed about a peripheral portion of said disk, and an annular 
flexure extending between.said peripheral portion of said disk and said attachment ring, 
wherein said central disk is affixed to said first end of said housing and said peripheral ring is 
affixed to said sleeve, thereby defining a closed region between said diaphragm and said 
sleeve; 

D. a breath actuated valve assembly adapted to selectively establish in a 
first state an air flow path between said closed region and regions exterior thereto, and 
interrupting in a second state said air flow path; and 

E. a spring force bias element adapted to bias said sleeve toward said 
second end of said housing whereby, when said breath actuated valve element is in said 
second state, pneumatic pressure in said closed region establishes a force on said sleeve equed 
to and opposite said bias whereby said axial force on said aerosol valve is below said 
predetermined tlireshold, and whereby when said breath actuated valve element is in said first 
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state, pneumatic pressiu-e in said closed region establishes a zero force on said sleeve and said 
30 bias is sufScieut to drive said sleeve and said container toward said shoulder and establish an 
axial force on said aerosol valve above said predetermined (In-eshold, 

wherein said central disk is made of a first material characterized by a 

relatively high stiffiiess, and said minular flexiu'e is made of a second material characterized 
by a relatively low stiffness, and wherein said annular flexure is bonded to said disk, whereby 
35 said disk, said annular flexure and said peripheral ring form a contiguous assembly. 

2. A dispensing device according to Claim 1 wherein said peripheral ring 
is made of said second material and unitarily formed With said amuilai' flexui-e. 

3. A dispensmg device according to Claim 1 wherein said aimular flexure is 
bonded to said disk along at least one siuface substantially pai'allel to said central axis. 

40 ■ 4. A dispensing device according to Claim 3 wherein said at least one bonding 

surface comprises a contuauous surface axially arranged v/ith respect to said central axis. 

5. A dispensing device according to Claim 1 wherein said annular flexure is 
bonded to said disk along at least one surface substantially traverse to said central axis. 

6. A dispensing device according to Claim 5 wherein said diaphragm assembly 
45 fintlaer includes a central portion made of said second material and unitarily formed with and 

extending radially inwardly from said annular flexure, said central portion bonded to said disk 
along said at least one surface substantially traverse to said central axis. 

7. A dispensing device according to Claim 6 wherein said central portion 
comprises a disk. 

50 8. A dispensing device according to Claim 6 wherein said central portion is also 

bonded to said disk along at least one surface substantially pai'allel to said central axis. 
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9. A dispensing device according to Claim 8 wherein said central portion includes 
at least one annular wall coaxially arranged with respect to said central axis and received 
witlnn an annular groove of said disk, said annular wall bonded to said disk along the at least 

55 one surface substantially traverse to said central axis. 

10. A dispensing device according to Claim 6 wherein said diaphi-agm assembly 
includes a valve port providing fluid communication with said closed region between said 
diaphragm and said sleeve, and wherein said valve port passes tlirough said central portion 
and said disk. 

60 11. A dispensing device for dispensing a medicament in metered doses, 

comprising: 

a main body with a first and second end; 

a sleeve movably positioned withm said main body and having a closed end; 

a diaphragm assembly including a relatively rigid central disk, a peripheral 
65 attaclmient ring disposed about a peripheral portion of said disk, and an annulai' flexure 

extending betv/een said peripheral portion of said disk and said attachment ring, wherein said 
•" central disk is affixed to said first end of said main body and said peripheral ring is affixed to 
said sleeve, thereby defining a closed region between said diapinagm and said closed end of 
said sleeve, said diaphragm assembly also including a valve port providing fluid 
70 cormmmication between said first end of said main body and said closed region; 

a spring operatively positioned in said main body to apply a preload force to 
said sleeve; and 

a vane operatively positioned in said main body and movable between first and 
second positions, wherein when said vane is in said first position said vane seals said valve 
75 port of said diapluagm assembly and when said vane is in said second position said valve poit 
is unsealed; and 

wherein said central disk of said diaphragm assembly is made of a first 
material chai-acterized by a relatively high stiffiiess, and said annular flexui'e is made of a 
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second material characterized by a relatively low stiffness, and wherein said annular flexure is 
80 bonded to said disk, and wherein said disk, said annular flexure and said peripheral ring form 
a contiguous assembly. 

12. A dispensing device according to Claim 1 1 wherein said peripheral ring is 
made of said second aterial and unitarily formed with said annular flexure. 

13. A dispensing device according to Claim 11 wherein said annular flexure is 
85 bonded to said disk along at least one surface substantially pai'allel to said central axis. 

14. A dispensing device according to Claim 13 wherein said at least one bonding 
surface comprises a continuous surface axially arranged with respect to said central axis. 

15. A dispensing device according to Claim 11 wherein said annular flexure is 
• bonded to said disk along at least one surface substantially traverse to said central axis. 

90 16. A dispensing device accordiiig to Claim 15 wherein said diapliragm assembly 

further includes a central portion made of said second material and unitarily formed with and 
extending radially inwardly from said annular flexure, said central portion bonded to said disk 
■ along said at least one surface substantially traverse to said central axis. 

17. A dispensing device according to Claun 1 6 wherein said central portion 
95 comprises a disk. 

18: A dispensing device according to Claim 16 wherein said central portion is also 
bonded to said disk along at least one surface substantially parallel to said central axis. 

19. A dispensing device according to Claim 1 8 wherein said central portion 
includes at least one annular wall coaxiaily arranged with respect to said central axis and 

100 received within an annular groove of said cUsk, said amiular wall bonded to said disk along the 
at least one surface substantially ti'averse to said central axis. 

20. A dispensing device according to Claim 16 wherein said diaphi'agm assembly 
includes a valve port providing fluid communication with said closed region betv\^een said 
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diaphi-agm and said sleeve, and wherein said valve port passes tlii'oiigh said central portion 
105 and said disk. 

21. A dispensing device according to Claim 16 for dispensing an aerosol 
medicament in metered doses. 

22, A dispensing device according to Claim 1 6 for dispensing an HFA aerosol 
medicament in metered doses. 

110 23 . A dispensing device according to Claim 1 6 for dispensing a dry powder 

medicament in inetered doses. 

24. A dispensing device according to Claim 16 for dispensing an aqueous 
medicament in metered doses. 

25. A diaphragm for defining a closed region within a medicament dispensing 
1 15 device including a main body, a sleeve movably positioned within said main body, and a 

spring operatively positioned in said main body to apply a preload force to said sleeve, said 
diapliragm comprising: 

a relatively rigid central disk made of a first material characterized by a 
relatively high stiffness, and adapted to be affixed to an inner end of said main body of said 
120 medicament dispensing device; 

a peripheral attachment ring disposed about a peripheral portion of said disk 
and adapted to be attached to a closed end of said sleeve of said medicament dispensing 
device; and 

an annular flexure made of a second material characterized by a relatively low 
125 stiffness, and extending between said peripheral portion of said disk and said attachment ring 
to tliereby define a closed region between said diapliragm and said closed end of said sleeve; 
and 

wherein said annular flexure is bonded to said disk, and said disk, said annular 
flexure and said peripheral ring form a contiguous assembly. 
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26. A diaphragm according to claim 25 further comprising a valve port for 
providing fluid communication between said inner end of said main body and said closed 
region. 

27. A diapluagm according to claim 25 wherein said peripheral ring is made of 
said second material and unitaiily formed with said annular flexure. 

28. A diaphragm according to claim 25 wherein said annular flexure is bonded to 
said disk along at least one surface substantially parallel to a central axis of said diaphragm, 

29. A diapliragm according to claim 28 wherein said at least one bonding surface 
comprises a continuous surface axially arranged with respect to said central axis. 

30. A diaphragm according to claim 25 wherein said aimulai* flexure is bonded to 
said disk along at least one surface substantially traverse to a central axis of said diaphragm. 

31. A diapluagm according to claim 25 further comprising a central portion made 
of said second material and unitarily formed with and extending radially inwai*dly from said 
annulai- flexure, said central poition bonded to said disk along said at least one surface 

• substantially traverse to a central axis of said diaphragm. 

32. A diaphragm according to claim 3 1 wherein said central portion comprises a 

disk. 

33. A diaphragm according to claim 31 wherein said central portion is also bonded 
to said disk along at least one surface substantially parallel to said central axis. 

34. A diaphragm according to claim 33 wherein said central portion includes at 
least one annular wall coa>:ialIy arranged with respect to said central axis and received withm 
an annular groove of said disk, said annular wall bonded to said disk along the at least one 
surface substantially parallel to said central axis. 
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35. A diaphragm according to claim 3 1 further comprising a valve port for 
providing fluid communication between said inner end of said main body and said closed 
region, and wherein said valve port passes through said central portion and said disk. 

36. A diaphragm comprising: 

a relatively rigid central disk made of a first material characterized by a 
relatively high stiffness; 

a peripheral attachment ring disposed about a peripheral portion of said disk; 

and 

an annular flexui'e made of a second material characterized by a relatively low 
stiffness, and extending between said peripheral portion of said disk and said attacliment rmg; 
and 

wherein said annulai- flexure is bonded to said disk, and said disk, said annular 
flexure and said peripheral ring form a contiguous assembly. 

37. A diaphi'agm according to claim 36 further comprismg a valve port. 

38. A diapliragm according to claim 36 wherein said peripheral ring is made of 
said second material and uiiitarily formed with said amuilar flexure. 

39. A diaphragm according to claim 36 wherein said annulai* flexme is bonded to 
said disk along at least one surface substantially parallel to a central axis of said diaphragm. 

40. A diapliragm according to claim 39 wherein said at least one bonding surface 
comprises a continuous surface axially arranged with respect to said central axis. 

41 . A diapluagm according to claim 36 wherein said annular flexm'e is bonded to 
said disk along at least one surface substantially traverse to a central axis of said diaphragm. 

42. A diaphragm according to claim 41 further comprising a central portion made 
of said second material and unitarily formed with and extending radially inwardly from said 
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annular flexure, said central portion bonded to said disk along said at least one surface 
substantially traverse to said central axis. 

43. A diapliragm according to claim 42 wherein said central portion comprises a 

disk. 

44. A diaphragm according to claim 42 whereur said central portion is also bonded 
to said disk along at least one surface substantially parallel to said central axis. 

45. A diaphragm according to claim 44 wherein said central portion includes at 
least one annular wall coaxially arranged with respect to said central axis and received within 
an annular groove of said disk, saiid annulai* wall bonded to said disk along the at least one 
surface substantially parallel to said centi*al axis. 
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